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ABSTRACT 

This  r e p o r t  conta ins  t h e  r e s u l t s  of r a d i a t i o n  ana lyses  performed i n  support  

of Mechanical I r r a d i a t i o n  Tests 901, 902, 903 and 904. 
between t h e  c a l c u l a t e d  t e s t  environment and the  comparable NERVA f l i g h t  environment. 

Comparisons a r e  a l s o  made with experimental  r e s u l t s  i n  those  cases  where expe r i -  

mental  data were a v a i l a b l e .  

Comparisons a r e  made 

F a s t  neutron f l u x  and gamma ray  dose- ra tes  and i n t e g r a t e d  doses a r e  r epor t ed ,  

as w e l l  as t h e  neutron-to-gamma number f l u x  r a t i o  f o r  each component as it appears  

i n  NERVA and the  GD/FW ASTR t e s t .  

saqe c o n t e x t .  

Gamma hea t ing  r a t e s  a r e  a l s o  presented  i n  t h e  
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Analys is  Department, 
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I .  IN’I’RODUCTION 

This  r e p o r t  desc r ibes  t h e  resul ts  of a r a d i a t i o n  a n a l y s i s  of  t h e  environment 

.to which mechanical components o f  t h e  NERVA engine a r e  exposed a t  t h e  General 

Dynamics Aerospace Systems Test  Reactor (ASTR). 

through 904 a r e  included i n  t h i s  a n a l y s i s .  

Mechanical i r r a d i a t i o n  t e s t s  901 

(See Feferences 1 through 4 . )  

Neutron and gamma r a d i a t i o n  i n t e n s i t i e s  and h e a t i n g  r a t e s  were ca l cu la t ed  
_- 1 1 -  L,^ - 

“ ~ L - L I  c:,e aid of tile QAD poiii t  kerriel  c u ~ i p u i e r  cu6.e ( R e T .  5). Sources of radiar.iori 

uced i n  t h e s e  c a l c u l a t i o n s  are discussed a long  wiT;h The a n a l y t i c a l  techniques used 

t o  d e s c r i b e  t h e  t e s t  environment. In  a l l  cases ,  t h e  comparable NERVA f l i g h t  envi ron-  

ment i s  r epor t ed  i n  conjunct ion with the ASTR t e s t  l e v e l s .  

Comparisons are made between t h e  a n a l y t i c a l  r e s u l t s  and measured d a t a  i n  

t k o s ~  i n s t a n c e s  where the  t e s t s  have a l ready  been completed. 

This r e p o r t  supersedes,  and rep laces  a l l  d a t a  r epor t ed  i n ,  Reference 1. The 

Psr l ier  r e p o r t  represented  an  i n i t i a l  at tempt t o  pre-analyze t h e  9 O l  r a d i a t i o n  

erivirorm~ent.  

Feferenee  ( 6 )  t h e  improved t reatment  reported h e r e i n  became p o s s i b l e .  Future  

r e p o r t s  i n  t h e  m~ s e r i e s  w i l l  d i s cuss  improved a n a l y t i c a l  approaches as they  r e l a t e  

t o  exper lmenta t ion .  

Khen t h e  measured s p e c t r a l  d a t a  wds made a v a i l a b l e  by GD/F‘W i n  

3 
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II I OBJECTIVES 

The major purpose of t h i s  r e p o r t  i s  t o  document a comparison between NERVA 

r a d i a t i o n  environment and t h e  t e s t  environment t o  which NERVA mechanical components 

a r e  subjec ted  a t  t h e  ASTR f a c i l i t y .  Both t h e  NERVA and ASTR d a t a  a r e  a n a l y t i c a l  

va lues .  However t h e  ASTR analyses  a r e  based on a normal iza t ion  t o  experimental  

d a t a  i n  t h e  empty t e s t  c e l l  (Reference 6 ) .  

Comparisons a r e  a l s o  made with measured d a t a  f o r  t es t s  which have a l r e a d y  

been completed. The o b j e c t i v e  i n  t h i s  a n a l y s i s  as a func t ion  of experiment com- 

pa r i son  i s :  

A .  To achieve g r e a t e r  assurance of t h e  accuracy of a n a l y t i c a l  
t echniques .  

B.  To a l low i n t e r p o l a t i o n  t o  any numtser of  dosimeter  p o i n t s  
i n  t h e  a n a l y t i c a l  model t o  augment t h e  experimental  d a t a  
p o i n t s .  

I n  genera l ,  experimental  da t a  i s  not and w i l l  not be a v a i l a b l e  a t  t h e  most 

important  l o c a t i o n s  i n  any given t e s t ,  f o r  Example, t h e  bea r ings  i n  a bea r ing  

t e s t e r .  It i s  intended t h a t  t h e  d a t a  produced by t h i s  a n a l y s i s  should serve  t o  

fill i n  th i s  important gap i n  t h e  t es t  r e s u l t s .  

7 
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111. DESCRIPTION OF TESTS 

The mechanical i r r a d i a t i o n  t e s t s  were conducted a t  t h e  GD/FW Aerospace Systems 

Test Reactor (ASTF.). 

l e v e l s  comparable with those  t o  which components w i l l  be exposed i n  a ITERVA f l i g h t  

A 10 Mw ( the rma l )  r e a c t o r  capable  of  producing r a d i a t i o n  

environment. Since t h e  h igher  power NERVA engine inc ludes  a n  i n t e r n a l  r a d i a t i o n  

s h i e l d ,  t h e  sh ie lded  engine component r a d i a t i o n  l e v e l s  may be compared t o  t h e  lower 

power but unshielded ASTR va lues .  Figure 1 shows t h e  t e s t  c e l l  con f igu ra t ion  a t  

ASTR f o r  t h i s  s e r i e s  of t e s t s .  

The p a r t i c u l a r  components included i n  each t e s t  are  descr ibed ,  i n  t h e  fol low- 

ing pages,  t o g e t h e r  wi th  a genera l  d i scuss ion  of t h e  nuc lear  a,nd non-nuclear a s p e c t s  

o f  t h e  t e s t .  Grea ter  d e t a i l  concerning t h e  nuc lea r  a s p e c t s  of t h e s e  components i s  

contained i n  t h e  Radia t ion  E f f e c t s  Data Book, Reference (7). Fur ther  d e t a i l s  o f  

t he  non-nilclear a s p e c t s  a r e  contained i n  t h e  r e l e v a n t  t e s t  r eques t s ,  t e s t  p l a n s ,  

and s p e c i f i c a t i o n s  contained i n  Radiation E f f e c t s  Tes t ing  Data Book, Reference (8). 

11 
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A .  ~ 1 ~ 9 0 1  

Mechanical I r r a d i a t i o n  Test  gOl inc ludes  t h e  fol lowing four  ind iv idua l  

tes ts .  

p l a c e .  F igure  3 shows t h e  p a l l e t  with the shroud removed. 

Figure 2 i s  a photograph of' t h e  MIT-901 t e s t  p a l l e t  with t h e  shroud i n  

1. Radia t ion  E f f e c t s  Test 1/LOO1 

Radiat ion E f f e c t s  Test 1/LOO1 involves  Configurat ion 1 of  t h e  

Tank Shutoff  Valve (TSOV ) . 
Figure 4 shows t h e  TSOV i n  t h e  NERVA con tex t .  This  va lve  i s  a 

CH -operated poppet va lve  designed f o r  completely open o r  completely closed ope ra t ion  

t o  c o n t r o l  LH2 p r o p e l l a n t  f low from t h e  p rope l l an t  tank  i n t o  t h e  p rope l l an t  feed  

l i n e .  

2 

I n  t h i s  t e s t  t h e  T'SOV was immersed i n  LH2 with t h e  f l u i d  present  

on both  s i d e s  o f  t h e  va lve .  

r e l a t i v e l y  small, approximately 0.05 l b / s e c  . 
p e r i o d i c a l l y  cycled from c losed ,  t,o open, t o  c losed .  

The l i q u i d  flow rate  when t h e  va lve  i s  open w i l l  be 

During i r r a d i a t i o n  t h e  valve was 

Figure 5 shows t h e  TSOV i n  t h e  context  of Tes t  901. The p o s i t i o n  

t r ansduce r  with i t s  mechanical l i nkage  is  v i s i b l e  a t  t h e  l e f t  s i d e  of t h e  valve,  

the  a c t u a t i n g  gas  l i n e  i s  on t h e ' r i g h t ,  and t h e  LH2 r e s e r v o i r  i s  below. 

f l ange  and seal tes te r  with i t s  mul t ip l e  Marman clamp conf igu ra t ion ,  and t h e  bea r -  

i n g  t es te r  support  are i n  t h e  foreground. 

The s t a t i c  

2. Radia t ion  E f f e c t s  Test 3/LOOl  

Radia t ion  Ef fec t s  Test 3/LOOl involves  t h e  Turbopump Bearing 

Assembly, shown i n  t h e  NERVA context  i n  F igure  4. 

This  assembly inc ludes  t h e  turbopump s h a f t  with i t s  bear ing  sets 

and b e a r i n g  spacers ,  t h e  housing, and the s h a f t  RPM t r ansduce r .  An a c t u a t i n g  

e l e c t r i c  motor i s  provided t o  d r i v e  t h e  shaft f r o 3  t h e  t u r b i n e  end a t  approxiiiltrirly 

21,000 r p m .  A c l o s u r e  a t  t h e  pump end is  a l s o  provided.  

No a t tempt  was made t o  approximate t h e  a x i a l  loads  of t h e  NERVA 

a p p l i c a t i o n .  During t h e  t e s t  LH2 flowed through t h e  assembly a t  about  0 . 1  l b / s e c .  
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Figure 2 

MIT Test P a l l e t  With Shroud i n  Phase 
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Figure 3 

MIT Test P a l l e t  with Shroud Removed 
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TSOV Location in MTT 9Ol T e s t  
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Figures  6 and 7 show t h e  bear ing  assembly t e s t e r .  The s e c t i o n  
from t h e  middle t o  t h e  r i g h t  end i s  t h e  e l e c t r i c  motor d r i v e ;  t h e  turbine-end 

bearing-temperature t ransducer  connections a r e  seen i n  t h e  cen te r  of t h e  p i c t u r e .  

The connection t o  t h e  l e f t  of cen te r  i s  the  rpm t ransducer  connect ion.  The support  

flan:,c i s  seen a t  t h e  l e f t .  

3. Radia t ion  -_ E f f e c t s  l't st 8 /LOQl  

Radiat ion Ef fec t s  Test   LOO^ involves  s t a t i c  f l anges  arid metal-  

to-metal  s e a l  combinations. Typical  examples o r  t h i s  a r e  shown on t h e  NERVA engine 

i n  Figure 4 .  The t e s t  con f igu ra t ion  inc ludes  t h r e e  seal  combinations; aluminwn-to- 

aluminum, aluminum-to-steel , s t e e l - t o - s t e e l  The end covers  a re  secured by Marman 

LLamps i o  t'orm an eriLlosurc. 

fiefererice i s  agairi made t o  Figure j. The s e a l  and flarigi ~ C S L  

conf igura t ion  i s  mounted on the t e s t  pallet with t h e  aluminum seals t o  t h c  left, 

and t h e  s t ee l  f l a n g p s  t o  t h e  r i g h i , .  

lower cen te r  i'oregrourid. 

The Li12 pressure t ransducer  i s  loca ted  i i i  t h e  

4. fiad i a  t, i on E f Ye ct. s Te s t 4 / 1.00 1 

Radiat ion Ef fec t s  Test  4/LO01 involves  t h e  Turbine Powcr C )n t  L i l l  

\'aLve ('I'PCV) which i s  l oca t ed  on t h e  1\1EKVR engine i n  Figure I + .  Thc TPCV 1s a 

b u t t e r f l y - t y p e  valve designed t o  r e g u l a t e  t h e  f low of  h igh  temperature  GH,, t o  Lhe 

turtopump t u r b i n e ,  t h u s  c o n t r o l l i n g  t h e  t u r b i n e  power. The l o s s  of  t h e  va lve  o r  

krowledge of  i t s  p o s i t i o n  dur ing  NERVA ope ra t ion  would be most s e r i o u s  f o r  engine 

opera t ion ,  making imperat ive t h e  des ign  of' a r e l i a b l e  va lve .  

The test conf igu ra t ion  inc ludes  a pneumatic l i n e a r  actuator which 

w i l l  p o s i t i o n  the valve b lade  dur ing  t h e  t e s t  t o  r e g u l a t e  t h e  flow of ambient 

temperature  GH2-  

ope ra t iona l  ac tua to r  i s  be ing  developed under a d i f f e r e n t  program, and w i l l  be  mated 

t o  the  TPCV i n  a l a t e r  r a d i a t i o n  e f f e c t s  test. 

The t e s t  a c t u a t o r  i s  not intended f o r  NERVA a p p l i c a t i o n .  'The 

Figure 3 a l s o  shows t h e  'TPCV with i t s  a c t u a t o r ,  and o the r  t e s t  

components, mounted i n  t h e i r  r e l a t i v e  p o s i t i o n s  on t h e  t es t  p a l l e t .  

colored box on top oi' the a c t u a t o r  is thc position sens ing  t r ansduce r .  

The l i g h t  

'The v a l v e s  

L 
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MIT 9Ol Bearing Tes t e r  Assembly 





Figure t> 

MIT 901 Bearing Tester (Photograph) 
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which regulate the environmental gases and liquids can be seen in the background, 

as can some of the necessary piping. The TSOV is enclosed in a cryostat to con- 
tain the LH2 bath. 

shown by Figure l), which contains an inert atmosphere of helium to prevent an 

explosion of leading GH Test duration, at f u l l  reactor power of 10 megawatts, 
was 32’7 seconds. 

The remainder of the components are enclosed by a cover (as 

2’  

21 
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B. M I T - ~ O ~  

The t e s t  hardware f o r  t h e  MLT-902 t e s t  cons i s t ed  of a modified MIT-901 
bea r ing  t e s t e r  enclosed by i t s e l f  on t h e  MIT-901 p a l l e t .  The MIT-901 bea r ing  t e s t e r  

was modified t o  permit radial  and a x i a l  loading  of the turbopump shaf t .  Thc r n o c : i  - 

f i e a t i o n s  added an apprec i ab le  amount of  s t a i n l e s s  s t e e l  i n  t h e  end of t h e  t e s t e r  

towards t h e  r eac to r .  

o f  t h e  MIT-gOl t e s t )  i n  gamma dose and hea t ing  rates and i n  t h e  neutron f l u x  l e v e l s  

a t  t h e  bear ings loca ted  behind t h e  added m a t e r i a l .  

shewing t h e  modif icat ions and t h e  Armalon layed bear ing  conf igu ra t ion  t e s t e d .  Test 

du ra t ion  a t  r eac to r  f u l l  power was 300 s e c .  

This  has  t h e  e€ fec t  of causing a reduct ion  (from t h e  r e s u l t s  

Figure 8 i s  an  engineer ing  drawing 
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. 

MIT-903 t e s t  used t h e  MIT-902 bear ing  t e s t e r  and p a l l e t  unmodified. 

Armalon caged bear ings  were aga in  t e s t e d ,  however t h e  t e s t  du ra t ion  was increased  

t o  600 s e c .  

conf igu ra t ion .  The increased  t e s t  du ra t ion  r e s u l t e d  i n  i n t e g r a t e d  l e v e l s  of gamma 

ray  dose and neu t ron  flux of twice t h a t  expericnccd bh 

Figure 8 i s  aga in  re ferenced  t o  show t h e  bea r ing  t e s t e r  and bea r ing  

the. MTT-5102 tc,st.  





RCD 
0903 -0004 

33 FT L E .  
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I D. MIT-904 
I 

MIT-904 t e s t  hardware i s ,  a t  p re sen t ,  unmodified from t h e  MIT-902 and 

903 conf igu ra t ion .  The same p a l l e t  and bea r ing  t e s t e r  a r e  t o  be used. However, 

a four, Armalon caged bear ing  conf igura t ion  w i l l  be t e s t e d  in s t ead  of t h e  t h r e e  

bear ing  group t e s t e d  i n  MIT-992 and 903. Figure  8 shows i n  t h e  upper r i g h t  hand 

corner  t h e  bear ing  conf igura t ion  planned f o r  t h e  t e s t .  Test  du ra t ion  i s  planned 

t o  be 3600 see ,  see  Reference 9. 

I 
I 
I 
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XSIS - 
Bas ica l ly ,  t h e  techniques adopted f o r  ob ta in ing  p red ic t ed  r a d i a t i o n  l e v e l s  

and hea t ing  r a t e s  were semi-empirical  i n  n a t u r e .  That i s  t o  say,  t h e  r a d i a t i o n  

sources  were a d j u s t e d  i n  t h e i r  magnitude so  t h a t  t h e  ca l cu la t ed  dose - ra t e s  a t  a 

given r e fe rence  l o c a t i o n  were made t o  agree with measured d a t a .  This normal iza t ion  

t o  measurement was made a t  a d i s t ance  of 1 2  inches from t h e  t e s t  c e l l  w a l l  oppos i te  

t h e  c e n t e r  of t h e  core ,  f o r  t h e  case where t h e  t e s t  c e l l  was empty. 

Having obtained sources  f o r  t h e  ca l cu lab le  model which were designed t o  give 

the  same result as a measurement i n  t h e  unperturbed t e s t  c e l l ,  t h e  a n a l y s i s  was 

performed by f i r s t  mapping t h e  remaining volume of  t h e  empty t e s t  c e l l  and pro-  

ceeding wi th  a l t e r n a t e  mockups of t h e  t e s t  equipment. A recognized shortcoming 

of t h i s  technique i s  tha t  all t h e  sources a r e  “lumped” i n t o  t h e  a c t i v e  co re .  

There a r e  two a r e a s  of  weakness i n  d o i n g  t h i s .  F i r s t ,  da t a  ca l cu la t ed  a t  p o i n t s  

much c l o s e r  t o  t h e  core  than  t h e  p o i n t  o f  normalizat ion are  lower than  measured 

va.lues, s i n c e  t h e  capture  gamma ray  sources i n  t h e  r e a c t o r  s t r u c t u r e  (such as 

p res su re  v e s s e l  ) have been jux tapos i t ioned  f u r t h e r  from t h e  d e t e c t o r  l o c a t i o n .  

This has  been shown t o  represent ,  no p a r t i c u l a r  problem i n  conjunct ion wi th  t h e  t e s t s  

under d i scuss ion ,  however, because po in t s  of i n t e r e s t  a r e  c lose  t o  t h e  po in t  of 

normal iza t ion .  The second weakness i n  this approach i s  zhar, iiie e f f e c t s  of  s c a t -  

Ter ing  from t h e  t e s t  c e l l  walls, and the ex i s t ance  of capture  gamma r a y  sources  i n  

the walls, a r e  not included.  Eowever, such c m t r i b u t i o n s  a r e  diff iLult to arialyze 

and q u i t e  often a r e  not  included i n  i r r a d i a t i o n  t e s t  eva lua t ions .  These c o n t r i -  

bu t ions  a r e  made less  important i n  t h e  tes ts  i n  ques t ion  s i n c e  t h e  t e s t  equipment 

s h i e l d s  o u t  some of t hese  con t r ibu t ions  as they  a f f e c t  sucn a r e a s  as t h e  bea r ings .  

The s c a t t e r e d  gamma r a d i a t i o n  i s  p a r t i c - d a r l y  s e n s i t i v e  t o  t h i s  s h i e l d i n g  e f f e c t  

s i n c e  s c a t t e r e d  gamma rays  a r e  so  low i n  energy compared t o  d i r e c t  r a d i a t i o n .  To 

l eave  out t h e s e  i n d i r e c t  con t r ibu t ions  has  t h e  e f f e c t  o f  s l i g h t l y  underest imat ing 

t h e  t e s t  environment I n  SeiecTed cabeb. ThFs LS  ix;lu;h less cf 2, prchle? ther! nlrpr- 

e s t i m a t i n g  t h e  t e s t  environment i n  r e l a t i n g  it t o  t h e  NERVA f l i g h t  condi t ion .  
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GAMMA RAY SOURCE 
STRENGTH AND SPECTRUM 

Energy I n t e r n a l  E f f e c t i v e  Energy Source S t rength  
Group (mev 1 (mev) (mev/sec ) 

18 

18 
2.66 x 10 

2 1.0 - 2.0 1.5 1.59 x 10 

1 0 - 1.0 0 .5  

3 2.0 - 3.0 

4 3.0 - 5.0 

5 5.0 - 8.0 

2 ”  5 

4.0 

7.0 

18 1.16 x 10 

17 

17 
5.02 x io 

5.99 x 10 

6.51 x io 18 
TOTAL 

i 

I 

I 
I 

i 
- 1  

I 
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A .  GAW RADIATION ANALYSIS 

The gamma ray  a n a l y s i s  was based on a normal iza t ion  of t h e  ca l cu la t ed  

dose rate t o  t h e  measured unpurturbed value a t  1 2  inches  from t h e  t e s t  c e l l  w a l l .  

The measured d a t a  was obta ined  from Table 3 . 2  of  Reference (6). 
gamma ray  spectrum ms made t o  agree  with t h e  spectrum measured a t  a d i s t a n c e  o f  

25 f e e t  from t h e  c e n t e r  of t h e  core  (as repor ted  i n  Figure 3.4 and Table 3.9 o f  

Reference (6). 
The r e s u l t  o f  t h i s  source normalizat ion i s  indica. ted by t h e  source s t r e n g t h  

spectrum presented  i n  Table 1. 

The ca l cu la t ed  

Figure 3.4 i s  reproduced he re  as Figure 9 f o r  r e fe rence  purposes .  

The QAE computer code (Feference 5) was used f o r  gamma r a d i a t i o n  c a l -  

Figure 1 0  shows how t h e  ca lcu la ted  unpurturbed dose rates compare t o  c u l a t i o n s '  

the measured d a t a  of  Reference ( 6 ) .  
cu la t ed  va lues  ag ree  with t h e  measured data from p e r f e c t  agreement a t  t h e  poinT; 

of normal iza t ion  t o  a cond i t ion  where the c a l c u l a t e d  va lue  i s  a f a c t o r  of 2.65 below 

the  measured va lue  a t  a d i s t a n c e  of 72 inches from t h e  t e s t  c e l l  wall. The reason  

f o r  t h e  divergence o f  t h e  two curves i s  t h e  inc lus ion  o f  s c a t t e r e d  and capture  

gamma r a y  con t r ibu t ions  i n  t h e  t e s t  c e l l  walls i n  t h e  measured r e s u l t s .  However, as 

poin ted  ou t  e a r l i e r ,  t,he s e l f - s h i e l d i n g  of t h e  t e s t  specimens has  t h e  e f f e c t  of 

m r k e d l y  reducing t h e  c o n t r i b u t i o n  o f  s ca t t e r ed  gamma r a d i a t i o n .  Sca t t e red  r a d i a -  

tion i s  'cel ieved t o  be r e spons ib l e  f o r  a very l a r g e  p o r t i o n  of t h e  discrepancy noted 

i n  t h e  unperturbed t r a v e r s e  of Figure 10. 

It w i l l  be noted i n  t h i s  F'igure t h a t  t h e  c a l -  

Unperturbed gamma dose ra tes  were ca.l:ulated a t  a l l  p o i n t s  where pe r -  

t u rped  t e s t  condi t ion  r a d i a t i o n  in t ens iL ies  were d e s i r e d .  Each mechanical i r ra-  

d i a t i o n  t e s t  conf igu ra t ion  w a s  then  mocked up as a QAD computer model, and the  t e s t  

environment garma dose r a t e s  and gamma hea,t ing  rates wel-e determined 

31 
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P. NEU 'I'RON ANA LY S IS 

A similar approach was used i n  obta in ing  ca l cu la t ed  neutron l e v e l s .  

First a normalizat ion of source s t r e n g t h  was completed such tha t  t h e  &AD ca lcu la t ed  

value (us ing  e f f e c t i v e  removal t h e o r y )  w a s  made t o  a g r e e  with t h e  measured neutron 

f l u x  a t  a d is tance  of 12 inches from the test, c e l l  wall. The neutron spectrum w a s  

based on t h e  a n a l y t i c a l  spectrum repor ted  i n  Figure 3 .5  o f  Ref'erence (6) and 

repor ted  he re  as E'igure 11. 

An unperturbed neutron f l u x  t r a v e r s e  w a s  c a l c u l a t e d  a long  t h e  t e s t  

c e l l  cen te r l ine ,  i n  t h e  same manner as descr ibed  in t h e  gamma r a d i a t i o n  a n a l y s i s .  

Figure 12 shows t h i s  ca l cu la t ed  t r a v e r s e  as it compares t o  t h e  measured d a t a  of  

F,,c€ercnce (6). 
f l u x  above 0.85 Mw as repor ted  i n  'I'able 3.2 or Feference (6). 
f'1u.u was then increased by a faLtor  of 2.12  t o  inc lude  t h a t  p o r t i o n  of  t h e  spectrum 

sliown i r i  li'igure 11 i n  t h e  energy range from 0 .01  Mw t o  0.85 MeV. F i n a l  fasI neutron 

f'lux va lues  t h e r e y o r e  are qlioted above 0.01 M E V .  'T'hese d a t a  then  are d i r f c L l y  com)nra- 

tilt  t o  A E X V A  data  which i s  Lased on t h e  same energy cu t  off' p o i n t .  

The fas t  neutron Elux i s  based on a norma.lization t o  t h e  measured 

The fas t  neutron 

Thest. c a l c u l a t i o n s  were based on a si r igie  energy group e r f e c t i v e  rernova.l 

concept .  T l n ~  fast neutron source wi th in  +he r c a c t o r  was riormalized t o  the measured 

0.8> Yev threshold d e t e c t o r  d a t a  arid mul t ip l i ed  ky a f a c t o r  of' 2 . 1 2  t o  inc lude  

neutrons down t o  0 01 ? k v .  The r e s u l t a n t  source scrength  was 8.40 x n/sec for 

t1-e 13 mw power l e v e l  cordi t ior1.  

Unperturbed an? per turbed  ( t h a t  i s ,  t e s t  components i n  p l a c e )  neutron 

f l u x e s  abow 0.131 Mev were ca lcu la t t -d ,  u s ~ n g  :he Q,4D computer code, for  a l l  points 

o f  in t  e r c s t  i r i  t he  mecha.nica1 i r r8 ,d is t io t i  t e s t s .  

Figures lj? 14 ,  and 15 show the a n a l y t i c a l  models used t o  d e s c r i b e  t h e  
irl .,5CV, 7 > TPCV, and  bear ing  t e s t  f o r  t h e  WI) c a l c u l a t i o n s .  
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v. CALCULATED M D I A T I O N  ENVIRONMENT 

The r e s u l t s  o f  t h e  QAD computer program c a l c u l a t i o n s  a r e  presented  i n  t h i s  

Neutron and gamma r a d i a t i o n  i n t e n s i t i e s  are descr ibed  a long  wi th  gamma s e c t i o n .  

hea t ing  r a t e s .  

f o r  a number of  dose-point  l o c a t i o n s  i n  t h e  va r ious  MIT t e s t s .  F i n a l l y ,  compari- 

sons a r e  made with comparable NERVA f l i g h t  environment cond i t ions  as they  are known 

a t  t h e  t i m e  o f  t h i s  w r i t i n g .  

I n  a d d i t i o n ,  t h e  neutron-to-gamma number f l u x  r a t i o  i s  also r epor t ed  

43 
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A. M I T - ~ O ~  

Table 2 p re sen t s  t h e  results of t h e  a n a l y s i s  of t h e  MIT-901 r a d i a t i o n  

Gamma dose r a t e s  are repor ted  i n  u n i t s  of (ergs/grn) of carbon pe r  environment. 

hour a t  t h e  ASTR 10 Mw power l e v e l .  In t eg ra t ed  gamma doses are given i n  terms of  

(ergs/gm) of carbon f o r  a t o t a l  exposure t i m e  of  327 seconds.  

f l uxes  a r e  given i n  u n i t s  of  (y/cm s e c ) .  

are r epor t ed  in  t h e  fol lowing manner: two va lues  are g iven:  a n  unperturbed f l u x  

with no t e s t  conf igura t ion  i n  p l ace ,  and a per turbed  f l u x  as c a l c u l a t e d  wi th  e f f e c t -  

i v e  removal theory.  Removal theory  i s  known t o  over -es t imate  t h e  neutron a t t e n u a t i o n  

of metals i n  a cond i t ion  such a.s t h e  p re sen t  one. Therefore ,  t h e  most probable  

f l u x  l e v e l  i s  somewhere i n  t h e  range given f o r  each component. The unperturbed 

f l u x  w i l l  h e r e a f t e r  be r e f e r r e d  t o  as t h e  maximum value  i n  each case .  

€ lux  r a t i o s  a re  given i n  correspondence with t h e  two neutron flux va lues .  

heating rates a r e  in terms of (BTU/sec) per  cubic  inch  of t h e  material i n  which 

thp d e t e c t o r  i s  located. .  Table 3 provides  a comparison between t h e  d a t a  f o r  t h e  

ASTR t e s t  and t h e  cu r ren t  p r e d i c t i o n s  of t h e  NERVA f l i g h t  cond i t ions .  

son i s  l imi t ed  t o  t h e  TSOV, TPCV, and turbopump bear ings  because they  r ep resen t  t h e  

only components which have s p a t i c a l l y  def ined  l o c a t i o n s  i n  NERVA. 

Gamma r ay  number 
2 Fas t  neutron f luxes  f o r  E >0.01 Mev 

Two n/y 

The 

This  compnri- 

Figure 16 d e p i c t s  t h e  l o c a t i o n  of t h e  dose p o i n t s  i n  t h e  MIT-901 

a n a l y s i s .  

This test has been completed. Comparisons with some t e s t  r e s u l t s  a r e  

given i n  a l a t e r  s e c t i o n .  
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RADIATION EWIRoN!G3'; AND X U T I N G  FATE II)R L?EcHANICAL 
TEST - 901 (327 sec Durat ion)  

G a m  R a y  Int. Gam% Gemna Ray Neutran,Gsmma Gamma Fast Neutron 
Heatin Rate 

Point  m c a t i o n  b t e c t o r  b c a t i o n  (ergs!gm(c)hr) ( e r g s i p ( - ) )  ( Z , ' c m  sec)  (n;cn - m c )  Ratio ( Bm/in5- s e e )  
Detector  Detector  pateria1 at Dose-Rate Ray rose No. Fhax Flax E Z O . 0 1  MeV NO. FLU 

1 Flange a d  seal t e s t  - 
Al t o  Al flange .u 6061 7.8 x lo@ 7.1 107 3.8 io1' 1.1 - 1.7 x :ol1 0.029 - 0.04~ 8.9 x 

2 Flange and seal t e s t  - .u 6061 1.2 109 1.1 x 10' 5.8 x 2.4 - 3.5 x lo1' 0.041 - 0.060 1 . 3  x 
Al t o  SS f l ange  

3 F l a o ~ e  and 3e81 test - SS 347 1.8 109 1.6 x 10' 8.7 x 10" 4.7 - 5.2 x 10l1 0.054 - 0.060 6 . 2  x 

2.0 x lo-4 0.6 - 5.7 x loll 0.26 - 2.5 5 Bei l r inu t e s t  Inconel x 4.7 x 107 4.3 x LO6 2 .3  x loll 

6 Bearlng test ss 302 3.5 x 108 3.2 x 10' 1.7 I 1012 1.7 - 5.) x loll 0.10 - 0 . 2  1 . 3  10-3 

7 Bcar inu  t e s t  - P- ss 302 1.6 x 10' 1.6 x lo7 6.7 x 1 8  1.0 - 5.6 x 10'' 0.11 - 0.6L 7.5  d 
8 Bearing test Inconci X 3.1 107 2.3 x lo6 1 . 5  x 1011 0.4  - 5.2 x 1011 0.27 - 3.5 1.2 18 
9 BC%-:nL! t e s t  H l.!cn:nel 1 .8  x 108 1.6 x lo7 8 . 7  x 1011 1.j - 5.0 x lii'l 0.15 - 0.5: 6.5 lo-'+ 

11 Bear ing  t es t  fi. 286 6.8 x lo7 6.2 x 10' 3.3 x 10l1 0.4 - 4.2 x 10l1 0.12 - 1 . 3  2.s 

12 Rearing test Incane1 x 7.7 107 7 . 0  x LO6 3.7 x lo1' 0.6  - 4.2 x 1011 0.16 - 1.1 2.ti 

I. 1 ,  i e s r i n i  T?Si - - u r i i r , c  c'c 302 7 . 3  107 2.1 x 10b 1.1 x 1011 0 .2  - 3.9 x 1 o u  0.18 - 3.5 9.8 x 10-5 

15 Bearing t es t  Incanel x 3.5 x LO0 3.2 x 10' 1.7 x 10'" 0.a - 3.5 x 10" 0.47 - 22 1.4 x lo-' 

16 Bearing test - Rirblnp SS 302 8.1 x lob 7.4 105 3.9 10" 0 .1  - 3.6 x 10'' 0.26 - 9.2 3 . 6  10-5 
end b e v i n g  

17 Bearing t e s t  H Monel 1.4 107 1.3 x lob 6.8 x l0lu 0.2 - 3.5 x loL1 0.29 - 5.1  5 .5  x lo+ 

18 Hearing t es t  Inconel  X 8.4 105 7.6 10" 4 . 1  109 0.02 - 2 . 3  x 10l1 0.49 - 56 3.4 x lo-b 

19 Bearing t es t  Inconel  X 5.2 x LOb 4.7 x 10' 2.5  x 1o1O 0.06 - 2.4 x 1011 0.24 - 9.6 2 . 0  x lo-' 

20 Tpcj Ras te l loy  B 1.1 x 109 1.0 x lou 5.3 x lou 3.0 - 3.5 x lo1' 0.057 - 0.066 4.2 x 

2 1  Tjov A 356 4 . 9  x lo? 4.4 io7 2.4 x io1' 1.2  - 2.2 x ioL1 0.050 - 0.092 5.6 x 
~- 

Table 2 

Radia t ion  Environment - MIT 901 
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Table 3 

Comparison of YJERVA and  ASTR - 901 
Test  Environments 
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Figure 16 

Dose P o i n t  Location for MIT 901 
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B. YIT-902 

Table I+ i s  e s s e n t i a l l y  repeated fo r  the  bear ing  t e s t e r  conf igura t  i o 1 1  

t e s t e d  i n  MIT-902. 'The dose ra tes  and n e u t r o n  and gamma f l u x e s  are not  very  

ciif'fererit from similar l o c a t i o n s  i n  the 901 t e s t .  The run d u r a t i o n  i n  t h i s  case 

was j00 seconds. 

Comparisons are made between t h e s e  c a l c u l a t e d  da ta  and NERVA in 

Table 5 .  

This t e s t  has  been completed and some comparisons are  available with 

measured d a t a ,  a s  given I n  Sec t ion  \TI of  t h i s  r e p o r t .  
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A. RADIATION FWKCRONNXNT ANL? iEAT!XG P A D S  FOR 
MECHANICAL IRRADIATION TEST 902 (300 SEC DURATION) 

601 

614 

615 

7 
13 

14 

16 

616 (18) 

610 

601 

614 

615 

13 

14 
16 

616 (18) 

610 

601 

614 

615 

7 

13 

14 

16 

616 (18) 

610 

Rcsctor center l ine-  
front face of shroud 
Resc'.or centerline- 
f r o n t  o f  bearing tester 

Top, center ,  fcrvard 
ehd of bearing Section 

Pwop end bearing 

l r b i n e  end bearing 

l r b i n e  end bearing 

l r b i n e  end bearing 

Reactor center l ine  - 
rear of  bearing tester 

Reactor center l ine-  
rear frrce of Shroud 

Reactor center l ine-  
front face of shroud 

Reactor c e n t e r l i n e -  
frant Of bear- tester 

Top, center, forvard 
en' rf beering 8eCtiOC 

P x p  er.c k a r ' _ n g  

7krbine end beering 

Txblne end bearing 

%bine end bearing 

Reactor centerllne- 
rear face of ahroud 

Reactor centerline- 
Front face of shroud 

Reactor csnter l ine-  
Front of bearing tester 

Top, cen ter ,  forward 
end of bearing s e c t i o n  

h p  end bearing 

Turbine end bearing 

%bine end bearing 

Turbine end beering 

Reactor centerline- 
rear of bearing tester 

Reactor centerline- 
rear face Of shroud 

A: 6061 

SS 302 

6 Monel 

ss 302 
SS 302 

SS 302 

ss 302 

Inconel x 
Al 6061 

A 1  6361 

ss 302 

H Monel 

SR 302 

ss 302 

SS 302 

SS 302 

Inconel x 

A1 6061 

Al 6061 

8s 3ce 

A Monel 

SS 302 

SS 302 

ss 302 

SS 302 

Inconel x 

iu 6061 

3.6 109 3.0 x 10' l.: 10~3 1.2 - 1.2 d2 0.C7 - 0.07 

2.8 lo9 2.3 x 10' LL loi? 8.8 - 9.8 loL1 0.063 - 0.27 

1.7 x 108 1.4 lo7 8.2 x 1011 1.3 - 4.9 x loll 0.12 - t.60 
2.8 107 2.3 x lo5 1.4 x 0.37 - 5.6 x 10" 0.26 - L.0 

d 8.: 10) 4.8 x 1010 0.097 - 3.9 x 1011 0.20 - 8.1 
4.0 x lo6 3.3 x 10' 1.9 x io1' 0.00 - 3.7 x io11 0.35 - i9 
1.7 x 106 1.4 lo5  8.2 x 10' 0.040 - 3.6 x 0.49 - bh 

1.1 105 9.2 103 5.3 x lo8 0.0042 - 2.3 x 1011 0.79 - 430 

3.1 105 2.6 x l o L  1 . 5  x 10' 0.W6R - 1.9 x 10" 0.36 - 1:0 

B. N L D I A T I O N  EI'NIRONMENT 4ND lEATINC WTFS FOE 

3.6 x lo9 6.0 x 10' 1.7 x 10'' 1.2 - 1.2 x lo1' 0.07 - C.07 

2.8 109 4.6 x 108 1.u x 10': 8.e - 9.8 x loll 0.063 - 0.07 

MECHANICAL IRRADIATION TEST 903 (600 SEC DURATION) 

1.7 x 10' 2.8 x 107 8.2 loL1 1.0 - 4.9 io1' 0.12 - 0.m 

2.8 lo7 L.5 x lo5 1.4 x :011 0.37 - 5.6 7. loll 0.26 - L.0 
1.0 x 107 1.: x 1d 4.8 x 10'' 0.097 - 3.9 x ~2' 0.20 - 6.1 
4.1 x 106 6.6 x 10' 1.9 x 10'' 0.C67 - ?.7 x 10l1 0.35 - l? 
1.7 x lo6 2.8 105 8.2 x lo9 0.0110 - 3.6 x 10l1 0.a9 - 44 

5.3 x 10' 0.79 - 430 

3.1 105 5.2 x 10' 1.5 x lo9 0.0068 - 1.9 x 10l1 0.36 - 130 

3.0042 - 2.3 x :011 1.8 1.1 105 

C. RADIATION ENVIRONMENT ANI FEATIN0 RATES FOR 
MECHANICAL EPADIATION E S T  904 (3600 SEC DuRI\TION) 

3.6 109 3.6 x lo9 1.7 10~3 1.2 - 1.2 d2 0.07 - 0.07 

1 0  

2.8 109 2.8 x 10' 1.4 x l a?  8.8 - 9.8 x 10'' 0.063 - 0.07 

1.1 x 108 1.7 x l o 8  8.2 1.0 - 4.9 loL1 0.12 - 0.60 
2.8 x 10' 2.8 x 10: 1.4 x 10" u.37 - 5.6 x 10" 3.26 - 4 . C  

1.0 x 107 1.0 x 137 4.8 x 1010 0.09: - 3.9 x 1cll c.23 - 8.1 

1.7 x 106 1.: x 10" 9.2 109 0.0~0 - 3.5 0.49 - 44 
4.0 x 106 4.0 x lo6 1.9 x l o l o  0.067 - 3.7 x 1011 0.35 - 19 

1.1 105 1.1 lo5 5.3 x 10' 0.0042 - 2.3 x LOu 0.79 - 430 

3.1 x 10' 3.1 105 1 .5  x LO9 0.0068 - 1.9 x 1011 0.36 - 130 

Table 4 
R a d i a t i o n  Environment and Heat ing Rates 
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C. MIT-903 

The ca l cu la t ed  r e s u l t s  f o r  MIT-903 are presented  i n  Table 4, and are 

compared wi th  NERVA values  i n  Table 5 .  The d i f f e r e n c e  between 902 and 903 r e s u l t s  

i s  t h e  f a c t  t h a t  t h e  903 tes t  vas a c t u a l l y  run f o r  600 seconds whereas 902 vas  

run f o r  300 seconds.  The i n t e g r a t e d  doses and nvt  va lues  t h e r e f o r e  are two t imes 

those  of the 902 t e s t .  
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I 

D. MIT-904 

MIT-904 i s  c u r r e n t l y  planned t o  run f o r  3,600 seconds (Reference 9 ) .  
From a r a d i a t i o n  l e v e l  s tandpoin t ,  t h i s  i s  t h e  only s i g n i f i c a n t  planned change 

from 902 and 905. 
and 5 and a r e  simply t h e  902 values  increased  from 300 second run du ra t ion  t o  a 

3,600 value .  

Radia t ion  i n t e n s i t i e s  f o r  t h i s  t e s t  are presented  i n  Tables 4 

Tables 3 and 5 i n d i c a t e  t h a t  i n  some cases  (such as  TSOV i n  901) t h e  

t e s t  environment e s s e n t i a l l y  mocked-up t h e  NERVA condi t ion ,  e s p e c i a l l y  as regards  

t h e  e f f e c t s  of i n t e g r a t e d  exposure.  However, Table 5 shows tha t  t h e  bea r ing  sets  

have not  been exposed t o  i n t e g r a t e d  doses comparable t o  NERVA dur ing  MIT-901, 902, 

and 903. If a 3,609 second run can be accomplished i n  t h e  904 t e s t ,  t h e  pump-end 

bear ings  would r ece ive  double t h e  in t eg ra t ed  gamma dose they  might r e c e i v e  i n  

NERVA and t h e  turbine-end bear ings  would be exposed t o  roughly 4% of t h e i r  com- 

pa r a h l e  N E W A  environment f o r  a. 3, GOO-second 904 conf igu ra t ion  run .  

It should be remembered however, t h a t  t h e  c a l c u l a t e d  va lues  repor ted  

he re  are  expected t o  be s l i g h t l y  lower than  measured va lues  i f  measurements could 

L E  made a i  the  l o c a t i o n s  i n  ques t ion .  
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I 

V I .  COMPARISONS WITH EXPERIMEXTAL RESULTS 

! 

A number of r a d i a t i o n  measurements have been made during t h e  901, 902 and 

903 t e s t s  (References 2, 3, and 4 ) .  Most of t hese  d e t e c t o r  l o c a t i o n s  a r e  n o t  

r e l a t e d  t o  t h e  NERVA components be ing  t e s t e d .  However, s e v e r a l  p o i n t s  were loca -  

t e d  such t h a t  a comparison between these  measurements and c a l c u l a t e d  va lues  i s  

d e s i r a b l e .  

The l as t  column of  t h i s  t a b l e  shows how much t h e  c a l c u l a t e d  value i s  above o r  

below the  measurement. 

Such a comparison o f  i n t e g r a t e d  gamma doses i s  presented  i n  Table 6. 

I n  i n t e r p r e t i n g  these  data it i s  important t o  remember t h a t  t h e  measured 

r e s u l t s  a r e  no t  abso lu t e ,  b u t  a c t u a l l y  have a fa i r  degree of unce r t a in ty  due t o  

count ing s t a t i s t i c s .  For example, t h e  dose p o i n t  l o c a t e d  a t  t he  reac tor -end  of  

t he  bea r ing  t e s t e r  w a s  measured t o  be 1.6 x 10 

second exposure b u t  was r epor t ed  as 1.1 x 10 

exposure t ime was doubled. 

i n t e g r a t e d  dose was reduced a t  the  sane l o c a t i o n  i n  each t e s t .  

t o  i n d i c a t e  t h e  f a c t  t h a t  i ncons i s t enc ie s  e x i s t  i n  experimental  data and i s  c a l -  

culated-to-measured r a t i o s  which vary g r e a t l y  from u n i t y  and which must be  i n t e r p r e t e d  

i n  t h i s  l i g h t ,  as w e l l  as consider ing a n a l y t i c a l  shortcomings.  I n  the  s p e c i f i c  

case  mentioned previous ly ,  t h e  calculated-to-measured r a t i o  w a s  1 . 4  f o r  t h e  300 

second 902 t e s t  and 4.2 f o r  t h e  600 second 903 t e s t .  It i s  the  opinion of t h i s  

r e p o r t  t h a t  t h e  902 t e s t  measurement i s  t he  more n e a r l y  c o r r e c t  va lue .  

a 
ergs/gm(c) i n  t e s t  902 for a 300 

8 
egs/gm(c) i n  t e s t  903 when t h e  

That i s  t o  say, t h e  exposure time was doubled b u t  t h e  

This i s  po in ted  out  

If t h e  s i n g l e  p o i n t  descr ibed  i s  d iscarded  ( t h a t  i s ,  t h e  4.2 measured-to- 

c a l c u l a t e d  value f o r  903), t h e  spread o f  t h e  c a l c u l a t i o n s  ranges from +90% t o  

-67% of  t h e  measured va lues ,  wi th  t h e  except ion of t h e  dose po in t  a t  the  extreme 

end of  t h e  bear ing  tes te r  where s c a t t e r i n g  e f f e c t s  ( n o t  included i n  t h e  c a l c u l a t i o n )  

r e s u l t  i n  a c a l c u l a t e d  t o  measured r a t i o  of 0.01. 

he re in ,  show t h a t  s c a t t e r i n g  i s  even more acu te  a problem i n  s p e c i f i c  l o c a t i o n s  

behind  t h e  t e s t  equipment. 

Other c a l c u l a t i o n s ,  no t  r epor t ed  

I n  gene ra l ,  t he  c a l c u l a t i o n s  agree q u i t e  we l l  wi th  t h e  measured r e s u l t s .  

I n  those  a r e a s  where t h e r e  are disagreements,  reasons f o r  t h e  disagreements a r e  

obvious.  
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C L g  Bearing t e s t e r  - t o p ,  c e n t e r ,  forward end of 1.1~ 107 2.1 107 o.l;,r 
bear ing  housing 

1.9 

J I  .2 

a 3.2 x 10 

1.1 x 10 

8 
~,01 Sh%~g!$~- on r e a c t o r  center l . ine ,  f a c e  ncorcst ,  t o  (1.0 x 10 

4.b x 10 0 a 614 Bearing t e s t e r  - on r e a c t o r  center l i .ne ,  end 
903 n e a r e s t  t o  r e a c t o r  

,.,15, Bearing t e s t e r  - t o p ,  c e n t ~ r ,  forward end of 2.8 1 0 ~  5.9 x 197 n. i7 
b e a r i n g  housing 

L 

TABLE 5 

COMPARISON OF CALCULATED AND M P E R I M E N T h L  DATA 

CALCULATED MEASURED CALCULATED/ 
TEST GAMMA RAY DOSE MEASURED 

RATIO e r g s  gm c m m  DETECKIR LOCATION DOSE - ergs/gm(c)  

S t a t i c  f lange and s e a l  t es t  - s i d e  n e a r e s t  
r e a c t o r ,  f lange  f a r t h e s t  from r e a c t o r  c e n t e r  
line 

S t a t i c  f lange and seal tes t  - s i d e  n e a r e s t  
r e a c t o r ,  f lange  n e a r e s t  r e a c t o r  c e n t e r  l i n e  

901 Turbine power c o n t r o l  valve - s i d e  n e a r e s t  
r e a c t o r  

615 Rearing t e s t e r  - t o p ,  c e n t e r ,  forward end of 
bzar ing  housing 

7.1 107 8.1 107 0.88 

1.2 8 1.3 x 10 a 1.6 x 10 

8 1.0 x 10 

1.6 107 5.4 107 

1.2 

0.3 

0.01 Jl G 1716 B e a r i a ?  t e s t e r  - rear end o f  motor on r e a c t o r  7.6 x 10 

a 

go2 614 Bearing t e s t e r  - on r e a c t o r  c e n t e r l i n e ,  enri 2.3  x 10 

7.0 x io 
centerk ine  

Shrotd - on r e a c t o r  c e n t e r l i n e ,  f a c e  nearezt t o  

- 

1.1 

1.4 

8 2.7 x io 

1.6 x 10 

601 3.0 x 10 r e a c  o r  

n e a r e s t  t o  r e a c t o r  
a 8 

Table 6 

Comparison of Calculated and Experimental Data 
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Measured neutron data were not obtained with Plutonium th resho ld  o r  Indium 

For t h i s  reason comparisons of c!pi.eciinL: T o i l s  (E L O . 0 1  Mev and E >0,85 Mev). 

neutron f l u x e s  have not been repor ted  here. 
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